Abstract. The current study was conducted to analyze the effects of cylindrical and row trenched cooling holes with alignment angle of 90 degrees at blowing ratio, BR = 1.25 on the film cooling effectiveness near the end wall surface of a combustor simulator. In the current research a three dimensional representation of Pratt and Whitney gas turbine engine was simulated and analyzed with a commercial finite volume package FLUENT 6.2.26. This study has been performed with Reynolds-averaged Navier-Stokes turbulence model (RANS) on internal cooling passages. This combustor simulator combined the interaction of two rows of dilution jets, which were staggered in the stream wise direction and aligned in the span wise arrangement, with that of film cooling along the combustor liner walls. The findings of the study declared that with using the row trenched holes near the end wall surface, film cooling effectiveness is increased three times compared to the cooling performance of baseline case.
Introduction
Gas turbine industries strive for higher engine efficiencies. Bryton cycle is a key to this research. According to this cycle, the turbine inlet temperature must increase to get more efficiency. However increasing the turbine inlet temperature creates an extremely harsh environment for critical downstream components such as turbine vanes. So, it is needed to design a cooling technique in this field. Film cooling is the traditional way which is used. In this system, a thin thermal boundary layer such as buffer zone is formed and attached on the protected surface. Cylindrical and trenched cooling holes are two types of these holes. With trenching the cooling holes, the injected coolant is suddenly spread before exiting the cooling holes and entering the main flow and as a result the coolant attached better on the surface. According to the importance of this research, a broad literature search was conducted to collect the information. Stitzel and Thole [1] indicated that dilution jet injection is the dominant feature at the combustor exit, while with no dilution, the exit profile was relatively uniform with a high temperature and low total pressure flow in the mainstream. Furthermore, Vakil and Thole [2] , Kianpour et al. [3] , Azzi and Jurban [4] and Rozati and Danesh Tafti [5] presented experimental and computational results of the combustor simulator. In this study, a real large scale of combustor was simulated and the coolant flow and high momentum dilution jets were spread into the main flow. The results showed that high temperature gradient was developed upstream of the dilution holes. The injection of the flow from the first row of dilution holes lead to the combustor temperature reduction by 25%. The results showed that while, the dilution jets reduced the total pressure and velocity fields, the turbulence level at the end of combustor reached to 24%. However, till now, investigation into the effects of trenching the cooling holes near the combustor end wall surface on the film cooling effectiveness have not been carried out. There are several unanswered questions: How do cylindrical and trenched cooling holes perform at the end of combustor? Therefore the objective of the present study was to investigate the film cooling effectiveness variation with different arrangements of cooling holes and blowing ratios.
Methodology
A 3D view of combustor simulator is shown in Fig. 1 The governing equations considered a transient, incompressible turbulent flow by means of the RNG k-ε turbulent model of the Navier-Stokes equations as in Ref. [3] . In this study, the film cooling effectiveness is defined as below η Fig. 3 presents the comparison of film cooling effectiveness for baseline case among the current study and experimental results by Vakil and Thole [2] at low blowing ratio of BR=1.25, for plane 1p at y/W=0.35. According to eq. 7, the deviation was equal to 13.74% when compared to Ref [2] . 
Findings and Discussion
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(7) Fig. 4 depicted the film cooling effectiveness in plane 1p at blowing ratio of BR=1.25 was taken directly downstream of the first row of the dilution jets. As figure illustrates, the center of the dilution jet is reasonably centered about the corners of this observation plane as the dilution jet surges up. Note that jet spreading there is slightly higher for y=10cm and y=50cm. This may be due to the jet's interaction with its top row. Also, contrary to the baseline, it is slightly hotter (0<η<0.05) for the trenched case with alignment angles of 90 degrees in the position of 14cm<y<52cm and 8cm<z<10cm. However, compared to other cases, this type of trenched holes, adjacent to end wall surfaces, perform more efficiently. In general, the measurements indicate the existence of proper symmetry across the pitch of the combustor simulator. 
Conclusions and Recommendations
The objective of the present study was to analyze the effects of cylindrical and row trenched holes with alignment angle of 90 degrees at BR=1.25 on the film cooling effectiveness at the end of combustor simulator. In this study a 3-D representation of a Pratt and Whitney engine was simulated and analyzed. To sum up, the application of trenched cooling holes significantly developed the film cooling layer. Also, the corners of the plane 1p showed the intense penetration of the coolant and a thick film cooling layer creation in the trenched cases. Initially, the results showed that trenched cooling holes have intense effect on film cooling effectiveness. Comparison between experimental and computational results shows that the prediction of the film cooling
